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DESCRIPTION 

IMAGE COMPRESSING APPARATUS THAT ACHIEVES 
5 DESIRED CODE AMOUNT 

Technical Field 

The invention generally relates to an 
image compressing apparatus/ and particularly 
10 relates to an image compressing apparatus which 
performs compression coding of image data by 
complying with JPEG2000 or the like. 

Background Art: 

15 JEPG2000 is known these days as a 

compression coding method that is suitable for high 
definition images. In cpding according to JPEG2000, 
image data is converted into data of respective 
color components Y, Cb , and Cr, followed by 2- 

20 dimensional discrete wavelet transform performed on 
the data for the purpose of frequency analysis. 
Wavelet coefficient' data (e.g., 16-bit data) 
obtained by the wavelet transform is then divided 
into bitplanes independently with respect to each 

25 sub-band (e.g., 3LL , 3HL , 3LH , 3HH , 2HL , 2LH, 2HH , 
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1HL, 1LH , and 1HH in the case of level-3 wavelet 
transform) . The data of each bitplane is scanned in 
a descending order of planes on a sub-band-by-sub- 
band basis by use of three different methods, 
5 thereby performing arithmetic coding. The three 
methods are referred to as a significant propagation 
pass, a magnitude refinement pass, and a cleanup 
pass. 

Compression of code data is performed by 

10 uniformly removing code data, successively in an 
ascending order of planes starting from the lowest- 
order bitplane, with respect to the coding passes in 
all the code-blocks of each sub-band that are 
obtained by the three different scanning methods. 

15 This is referred to as truncation. Here, the 
removal of code data refers to the replacement with 
"0" (invalid data) of a bit that needs to be removed. 
Coding according to JPEG2000 is described in detail 
in "Outline of New International Standard System for 

20 Still Image Coding (JPEG200) " , Journal of Institute 
of Image Information and Television Engineers 2000, 
Vol. 54, No. 2, pp. 164-171. 

In coding according to JPEG2000, code data 
is successively removed from the coding passes in an 

25 ascending order of bitplanes starting from the 
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lowest-order bitplane in each sub-band, thereby 
performing data compression that easily achieves a 
desired amount of code data (which may simply be 
referred to as "code amount"). Depending on the way 
5 the data is removed, however, a reproduced image 
obtained after decoding of the code data may suffer 
significant degradation of image quality. 

In the JPEG2000 standard, code data after 
data removal is decoded with respect to each bit 

10 plane, and distortion is computed by comparing the 
reproduced image with an original image prior to the 
data removal, thereby identifying the way the data 
is removed that minimizes the computed distortion. 
In this method, however, complex computation is 

15 required to be preformed many times, resulting in a 
lengthy processing time. This also gives rise to a 
problem in that hardware implementation is extremely 
difficult . 

Accordingly, there is a ' need for an image 
20 compressing apparatus which compresses image data 
into a desired code amount at high speed with a 
simple construction while maintaining the quality of 
a reproduced image as much as possible. 
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Disclosure of Invention 

It is a general object of the present 
invention to provide an image compressing apparatus 
that substantially obviates one or more problems 
5 caused by the limitations and disadvantages of the 
related art. 

Features and advantages of the present 
invention will be presented in the description which 
follows, and in part will become apparent from the 

10 description and the accompanying drawings, or may be 
learned by practice of the invention according to 
-the teachings provided in the description. Objects 
as well as other features and advantages of the 
present invention will be realized and attained by 

15 an image compressing apparatus particularly pointed 
out in the specification in such full, clear, 
concise, and exact terms as to enable a person 
having ordinary skill in the art to practice the 
invention . 

20 To achieve these and other advantages in 

accordance with the purpose of the invention, the 
invention provides an apparatus for compressing an 
image including a coding unit configured to generate 
code data by encoding data derived from image data, 

25 a memory unit which stores truncation data items 
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identified by respective data sequence numbers, 
wherein a truncation data item specifies a way in 
which code data is removed from the generated code 
data, such that the larger the data sequence number, 
5 the larger an amount of code data removal, or such 
that the larger the data sequence number, the 
smaller the amount of code data removal, and a rate 
control unit configured to identify a data sequence 
number of a truncation data item that provides a 

10 code data parameter substantially equal to a desired 
value, the code data parameter being responsive to 

_ . the amount of code data removal. 

According to another aspect of the 
invention, the rate control unit includes a 

15 computing unit configured to compute the code data 
parameter according to a truncation data item of a 
specified data sequence number, and a data-sequence- 
number switching unit configured to change the 
specified data sequence number in response to 

20 comparison of the computed code data parameter with 
the desired value, thereby identifying the data 
sequence number of the truncation data item that 
provides the code data parameter substantially equal 
to the desired value. 

25 According to another aspect of the 
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invention, the coding unit generates the code data 
for respective units of processing, and the removal 
of code data according to a truncation data item is 
independent in each of the units of processing. 
5 According to another aspect of the 

invention, the code data parameter is equal to a 
total amount of code-data removal in all the units 
of processing, the apparatus further includes a 
data-processing unit configured to compute amounts 

10 of code-data removal in the respective units of 
processing and to store the computed amounts of 
code-data removal, in memory, wherein the computing 
unit computes the code data parameter based on the 
computed amounts stored in the memory. 

15 According to another aspect of the 

invention, the generated code data in a given one of 
the units of processing is comprised of bitplanes , 
and the- data-processing unit is further configured 
to compute amounts of code-data removal with respect 

20 to removal of respective bitplanes in the given one 
of the units of processing. 

According to another aspect of the 
invention, the generated code data in a given one of 
the units of processing is comprised of bitplanes, 

25 and the data-processing unit is further configured 
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to compute amounts of code-data removal with respect 
to removal of respective numbers of bitplanes in the 
given one of the units of processing. 

According to another aspect of the 
5 invention, the code data parameter is equal to a 
total amount of code data remaining after the code- 
data removal in all the units of processing, the 
apparatus further includes a data-processing unit 
configured to compute amounts of code data remaining 
10 after the codp-data removal in the respective units 
of processing and to store the computed amounts in 
memory, wherein the computing unit computes the code 
data parameter based on the computed amounts stored 
in the memory. 

15 According to another aspect of the 

invention, the generated code data in a given one of 
the units of processing is comprised of bitplanes, 
and the data-processing unit is further configured 
to compute amounts of remaining code data with 

20 respect to removal of respective numbers of 
bitplanes in the given one of the units of 
processing . 

According to another aspect of the 
invention, the coding unit performs two-dimensional 

25 discrete wavelet transform so as to generate the 
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code data for respective sub-bands, the removal of 
code data according to a truncation data item being 
independent in each of the sub-bands and being 
directed to one or more bits on a side of a. lowest- 
5 order bit in each of the sub-bands. 

According to another aspect of the 
invention, an apparatus for compressing an image 
includes a coding unit configured to generate code 
data by encoding data derived from image data, a 

10 memory unit which stores truncation data items 
identified by respective data sequence numbers, 
wherein a truncation data item specifies ' a way in 
which code data is removed from the generated code 
data, such that the larger the data sequence number, 

15 the higher a quality of a reproduced image obtained 
by decoding the generated code data after the 
removal of code data, or such that the larger the 
data sequence number, the lower the quality of the 
reproduced image, and a rate control unit configured 

20 to identify a data sequence number of a truncation 
data item that provides a code data parameter 
substantially equal to a desired value, the code 
data parameter being responsive to an amount of code 
data removal . 

25 In the apparatus for compressing an image 
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described above, truncation data is provided such 
that the amount of code data removal increases (or 
decreases) with increasing (or decreasing) 
degradation of image quality as the data sequence 
5 number increases. This provision provides an 

advantage in that there is no need to decode the 
codes after- truncation according to the JPEG2000 
standard for comparison with an image prior to the 
truncation and to identify proper truncation that 

10 minimizes distortion. With the present invention, 
it is easy to adjust a code amount by changing the 
data sequence number in response to comparison of 
the code data parameter with the desired value. 

Further, the data sequence number is 

15 changed in accordance with a difference between the 
desired value and the code data parameter obtained 
from a specified truncation data item, thereby 
providing for easy and rapid adjustment of a code 
amount . 

20 Other objects and further features of the 

present invention will be apparent from the 
following detailed description when read in 
conjunction with the accompanying drawings. 
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Brief Description of Drawings 

Fig. 1 is an illustrative drawing for 
explaining the removal of code data that is 
performed by an image compressing apparatus 
5 according to a first embodiment. 

Fig. 2 is a drawing showing a truncation 

table . 

Fig. 3 is a block diagram showing, a 
construction of the image compressing apparatus 
10 according to the first embodiment. 

Fig. 4 is an illustrative drawing showing 
a memory map of code data inside a DRAM. 

Fig. 5 is an illustrative drawing for 
explaining effective pixels. 
15 Fig. 6 is a block diagram showing the 

construction of a masking factor computing circuit. 

Fig. 7 is an illustrative drawing showing 
a memory map of a memory A. 

Fig. 8 is an illustrative drawing showing 
2 0 a memory map of a memory C. 

Fig. 9 is a flowchart showing state 
transitions of a data-processing circuit. 

Fig. 10 is a circuit diagram showing the 
construction of a rate control circuit. 
25 Fig. 11 is a flowchart showing the state 
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transitions of a data-sequence-number switching 
circuit. 

Fig. 12 is a flowchart showing the state 
transitions of a packet information generating 
5 circuit. 

Fig. 13 is a block diagram showing the 
construction of an image compressing apparatus 
according to a second embodiment. 

Fig. 14 is a flowchart showing the state 
10 transitions of a data-processing circuit of the 
image compressing apparatus of Fig. 13. 

Fig. 15 is an illustrative drawing showing 
a memory map of a memory C or a memory D of the 
image compressing apparatus of Fig. 13. 
15 Fig. 16 is' a circuit diagram showing the 

construction of a rate control circuit of the image 
compressing apparatus of Fig. 13. 

Fig. 17 is a block diagram showing the 
construction of an image compressing apparatus 
20 according to a third embodiment. 

Fig. 18 is a flowchart showing the state 
transitions of a data-processing circuit of the 
image compressing apparatus of Fig. 17. 

Fig. 19 is a circuit diagram showing the 
25 construction of a rate control circuit of the image 
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compressing apparatus of the third embodiment. 

Best Mode for Carrying Out the Invention 

In the following, image compressing 
5 * apparatuses according to embodiments of the 
invention will be described with reference to the 
accompanying drawings . 

(1) First Embodiment 

(1-1) Outline of Data' Removal 

10 Fig. 1 is an illustrative drawing for 

explaining the removal of code data that is 
performed by an image compressing apparatus 100 (see 
Fig. 3) according to the first embodiment. An 
example to be examined here is a case in which image 

15 data having 128x128 pixels as indicated by an arrow 
Al is encoded. First, the image data is converted 
into data of three color components Y, Cb , and Cr . 
Since each color component data is processed in the 
same manner, a description will be given only with 

20 respect to the processing of Y component data. Two- 
dimensional discrete wavelet transform is performed 
on the Y component data for the purpose of frequency 
analysis, producing 16-bit wavelet coefficients for 
sub-bands as indicated by an arrow A2 (i.e., 3LL, 

25 3HL, 3LH, 3HH, 2HL, 2LH, 2HH, 1HL, 1LH, and 1HH) . 
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The wavelet coefficients are grouped into the 
respective sub-bands, and are further divided into 
16 bitplanes . The wavelet coefficients of the 16 
bitpj-anes in each sub-band are scanned and subjected 
5 to arithmetic coding by the three different methods 
in a descending order of bits. The three methods 
are referred to as a significant propagation pass, a 
magnitude refinement pass, and a clean up pass. The 
arithmetic coding generates code data comprised of 

10 46 planes of coding passes in each, sub-band, as 
indicated by an arrow A3 . 

The image compressing apparatus 100 
according to the first embodiment successively 
removes (truncates) the code data of the coding 

15 passes in each sub-band in an ascending order 
starting from the lowest-order bitplane. There are 
two methods of doing so as follows . 

A description will be given of the first 
method of removing code data. Fig. 2 is a drawing 

20 showing a truncation table. As shown in Fig. 2, the 
truncation table is comprised of more than 1500 data 
items, which define how many code data are removed 
in an ascending order of bitplanes starting from the 
lowest-order bitplane in each coding pass, on a sub- 

25 band-by-sub-band basis (i.e., 3LL, 3HL, 3LH, 3LL, 
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2HL, 2LH, 2LL, 1HL, 1LH, and ILL) , independently 
with respect to each color component Y, Cb, and Cr . 
Such data items are hereinafter referred to as 
truncation data . 
5 For example, truncation data may be 

defined as 1, 111, 111, and 222 . As indicated by 
hatches in Fig. 1, such truncation data defines the 
number of planes removed successively by starting 
from the lowest-order bitplane with respect to the 

10 code data of coding passes in all the code blocks of 
each sub-band where each sub-band is the unit of 
processing for arithmetic coding. In this example, 
one plane is removed in 3LL, one plane in each of 
level-3 HL, LH , and HH , one plane in each of level-2 

15 HL, LH , and HH, and two planes in each of level-1 HL , 
LH, and HH . 

The truncation data shown in Fig. 2 is 
configured such that, as the* data sequence number 
increases, the number of removed code data (i.e., 

20 code amount) increases and the quality of a 
reproduced image degrades in an increasing degree. 
Alternatively, the truncation data may be configured 
such that, as the data sequence number increases, 
the removed code amount decreases and the quality of 

25 a reproduced image improves in an increasing degree. 
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Difference in processing will be described later at 
relevant places. 

Each truncation data is created based on 
experiments using sample images or based on the 
5 statistics of results obtained from experiments 
using various sample images. It should be noted 
here that a plurality of tables may be provided, and 
tables may be switched depending on the amount of a 
shift that an object shows between adjacent frames 

10 when moving pictures are taken. 

. In the image compressing apparatus 100 
according . to the . first embodiment, a memory 
(corresponds to a memory A and a memory B in Fig. 3) 
stores a code amount of each coding pass that is 

15 obtained after the arithmetic coding of the 16 
bitplanes of each sub-band. Based on the code 
amount stored in the memory, a removed amount of 
code data (which may simply be referred to as a code 
removal amount) is then obtained, followed by 

20 computing a difference between the obtained amount 
and a desired code removal amount. If the removed 
amount of code data is small and fails to reach the 
desired code removal amount, truncation data of a 
larger sequence number corresponding to a larger 

25 daiia removal amount is selected. On the other hand, 
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if the removed amount of code data is large and 
exceeds the desired code removal amount, truncation ■> 
data of a smaller sequence number corresponding to a 
smaller data removal amount is selected . 
5 In the compression of ' code data according 

to the first method described above, truncation data 
is provided such that a code removal amount 
increases and image quality degrades as the data 
sequence number increases. This provision provides 

10 an advantage in that there is no need to decode the 
codes after truncation according to the JPEG2000 
standard for comparison with an image prior to the 
truncation and to identify proper truncation that 
minimizes distortion. 

15 In the first method described above, a 

predetermined number ' of code-data planes are 
uniformly removed across the board from coding 
passes in each sub-band as determined by the 
truncation table on a sub-band-specific basis. 

20 According to a second method of data removal, each 
sub-band is further divided into code-blocks serving 
as another unit of processing, and the number of 
removed coding-pass planes is increased according to 
the size of wavelet coefficients in each code-block. 

25 A change in the amount of data removal between code- 
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blocks in the same sub-band may create a distortion 
appearing in a reproduced image on code-block 
borders. In consideration of this, it is a general 
practice to perform the removal of code data on a 
5 sub-band-by-sub-band basis. The second method 

described above, however, draws on the fact that 
human visual perception produces a sense of gradual 
quality degradation in a reproduced image and may 
not detect distortion when a significant amount of 

10 data removal is done in a portion having a large 
amount of image components in a sub-band. In this 
manner, a compression rate is improved while 
maintaining the quality of a reproduced image at a 
high level, compared with a case in which code data 

15 is uniformly removed in each sub-band that serves as 
a normal unit of processing. 

More specifically, the number (0-2) of 
planes of coding passes that are to be removed is 
determined according to an average of the wavelet 

20 coefficients of effective pixels on a code-block-by- 
code-block basis in each sub-band. In each sub-band 
indicated by the arrow A3, code-blocks are shown as 
partitioned by dotted lines, and the number of masks 
(i.e., the number of additional coding-pass planes 

25 that are to be removed) is shown on the top of each 
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code block. A corresponding coding-pass plane is 
indicated by cross hatching. In this manner, the 
number of coding-pass planes that are to be removed 
is adjusted independently for each code-block, 
5 thereby achieving more efficient code-data removal 
while avoiding degradation in the quality of 
reproduced images . 

(1-2) Construction of Image Compressing 

Apparatus 

10 Fig. 3 is a block diagram showing a 

construction of the image compressing apparatus 100 
according to the first embodiment. The image 

compressing apparatus 100 includes a wavelet 
transform unit 10 , an arithmetic coding unit 20 , a 

15 packet header generating unit 30 , a memory 
controller 40, and a DRAM 50. The memory controller 
40 is an arbiter circuit , and arbitrates the right 
to access data between DMA 13, 21, 25, 31, 33,. 35, 
and 37 of the wavelet transform unit 10, the 

20 arithmetic coding unit 20, and the packet header 
generating unit 30 as they attempt to access the 
DRAM 50. The DRAM 50 stores the data of the 
truncation table shown in Fig. 2, and also works as 
a storage for code data of all the sub-bands of a 

25 processed frame image. 
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In the following, the construction and 
operation of the wavelet transform unit 10, the 
arithmetic coding unit 20, and the packet header 
generating unit 30 will be described in detail with 
5 reference to Fig. 4 through Fig. 12 as appropriate. 
(1-2-1) Wavelet Transform Unit 
The wavelet transform unit 10 converts 
image data into 16-bit wavelet coefficients. A 
color conversion circuit 11 converts incoming image 

10 data into color components Y, Cb, and Cr for 
outputting. The wavelet transform circuit 12 

performs 2-dimensional discrete wavelet transform on 
the data of each color component after the color 
conversion. The DMA 13 stores obtained wavelet 

15 coefficients in the DRAM 50 at predetermined 
addresses . Here , the color conversion circuit 11 
and the wavelet transform circuit 12 may be 
conventional circuits . 

(1-2-2) Arithmetic Coding Unit 

20 The arithmetic coding unit 20 performs 

arithmetic coding on the wavelet coefficients that 
are stored in the DRAM 50 by the wavelet transform 
unit 10, and stores code data of each coding pass of 
each sub-band in the DRAM 50. The arithmetic coding 

25 unit 20 identifies the amount of masking (i.e., the 
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number of coding-pass planes) separately for each 
code-block in each sub-band, and stores the 
identified mask amount in the memory A or memory B. 

Furthermore, based on the mask amount and 
5 the code amount in each coding pass of each code- 
block, the amount of codes that is to be removed 
when one plane is removed from each of the coding 
passes in each sub-band based on the truncation data 
is identified, and is stored in a memory C or memory 
10 D. Here, the above-mentioned code amount is an 
amount after additional code data removal is 
performed according to the mask amount in each code- 
block . 

The DMA 21 reads the wavelet coefficients 
15 stored at the predetermined addresses of the DRAM 50 
on a per-sub-band basis., A quantization circuit 22 
performs entropy quantization on the retrieved 16- 
bit wavelet coefficients, which are then input into 
a bitplane division circuit 23 for division into 16 
20 bitplanes. An arithmetic coding circuit 24 scans 
data of the bitplanes in a descending order of bits 
and performs arithmetic coding independently for 
each sub-band according to the three different 
methods (i.e., coding passes) . The three methods 
25 are the significant propagation pass, the magnitude 
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refinement pass, and the cleanup pass. The code 
data output from the arithmetic coding circuit 24 is 
comprised of 46 (=15 x 3 + 1) planes of coding-pass 
code data, and is stored in the DRAM 50 through the 
5 DMA 25. Here, the quantization circuit 22, the 
bitplane division circuit 23, and the arithmetic 
coding circuit 24 may be conventional circuits. 

Fig. 4 is an illustrative drawing showing 
a memory map of code data inside the DRAM 50. Code 

10 data is stored in the order of 3LL, 3HL, 3LH, 3HH, 
2HL, 2LH, 2HH, 1HL, 1LH, and 1HH. In the 2HH sub- 
band, for example, 46 planes of coding-pass code 
data are stored in an ascending order of code-block 
sequence numbers, which are assigned to the code- 

15 blocks according to predetermined rules. Such order 

is 1, 2, 10, CB 2 hh-max (CB 2 hh-max represents the 

largest number assigned to a code-block in 2HH) . 

With reference to Fig. 3 again, the 
wavelet coefficients read from the DRAM 50 by the 

20 DMA 21 are supplied not only to the quantization 
circuit 22 but also to an average computing circuit 
26. The average computing circuit 26 computes an 
average of the wavelet coefficients of effective 
pixels in each code-block, and outputs the computed 

25 average. Here, the effective pixel refers to a 
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pixel that has valid wavelet coefficient data in a 
code-block that is comprised of a predetermined 
pixel matrix. When a 1LH sub-band comprised of 64 
pixels by 64 pixels is divided into code blocks each 
5 comprised of 16 pixels by 16 pixels as shown in Fig. 
5, for example, code-blocks lined vertically on the 
right-hand-side edge do not have valid wavelet 
coefficient data in the area defined by 16 pixels by 
2 pixels marked as "x" in Fig. 5. Accordingly, an 

10 average of wavelet coefficients is computed, by 
taking into account only the pixels that are not 
marked as "x ,f when such an average needs to be 
computed for a code-block arranged on the right- 
hand-side edge. Here, the average computing circuit 

15 26 may be a conventional circuit. 

With reference to Fig. 3 again, a masking 
factor cpmputing circuit 27 determines an additional 
masking factor, i.e., a masking amount (i.e., the 
number of coding-pass planes that are to be removed) , 

20 by specifying either 0, 1, or 2 according to the 
average of the wavelet coefficients in each code- 
block as such an average is successively supplied 
from the average computing circuit 26. 

Fig. 6 is a block diagram showing the 

25 construction of the masking factor computing circuit 
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27. The masking factor computing circuit 27 

includes three comparators 27a, 27b , and 27c and a 
selector 27d. One of the two input terminals of the 
comparators 27a, 27b, and 27c receives the average 
5 value of wavelet coefficients of effective pixels in 
each code-block, and the other input terminal 
receives a first threshold, a second threshold, and 
a third threshold. Here, these thresholds are 
related as: the first threshold . < the second 

10 threshold < the third threshold. The comparator 27a 
outputs a high-level signal if the average value is 
larger than the first - threshold , and outputs a low- 
level signal if the average value is smaller. 
Similarly, the comparator 27b outputs ' a high-level 

15 signal if the average value is larger than the 
second threshold, and outputs a low-level signal if 
the average value is smaller. By the same token, 
the comparator 27c outputs a high-level signal if 
the average value is larger than the third threshold, 

20 and outputs a low-level signal if the average value 
is smaller. 

The selector 27d outputs a masking amount 
equal to 0 if all the comparator 27a, the comparator 
27b, and the comparator 27c supply a low-level 
25 signal. The selector 27d outputs a masking amount 
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equal to 1 if the comparator 27a supplies a high- 
level signal while the comparator 27b and the 
comparator 27c supply a low-level signal. The 
selector 27d outputs a masking amount equal to 2 if 
5 the comparator 27a and the comparator 27b supply a 
high-level signal while the comparator 27c supplies 
a low-level signal. The selector 27d outputs a 
masking amount equal to 3 if all the comparator 27a, 
the comparator 27b, and the comparator 27c supply a 

10 high-level signal. 

With reference to Fig. 3 again, the memory 
A and the memory B are alternately switched to an 
enable state in response to each frame image to be 
processed, and store the masking amount of each 

15 code-block of each sub-band supplied from the 
masking factor computing circuit 27. 

Fig. 7 is an illustrative drawing showing 
a memory map of the memory A. The memory map of the 
memory B is the same as that of the memory A. As 

20 shown in the figure, the masking amount is stored 
separately for each - code-block with respect to 
individual sub-bands 3LL, 3HL , 3LH, 3HH, 2HL, 2LH, 
2HH, 1HL, 1LH, and 1HH. In this figure, the masking 
amount is stored for CB=1 through CB 2 hh-max in the 2HH 

25 sub-band. CB 2 hh-max represents the largest number 
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assigned to a code-block in the given sub-band. In 
this example, CB 2H h-max is 16 since the 2HH sub-band 
has 16 code-blocks. 

With reference to Fig. 3 again, the code 
5 data output from the arithmetic coding- circuit 24 is 
also supplied to a code-amount computing circuit 28. 
The code-amount computing circuit 2 8 computes a code 
amount of each coding pass corresponding to 
bitplanes of each code-block, and supplies the 

10 * computed amount to a data-processing circuit 29. 
The data-processing circuit 29 also receives the 
masking amount (i.e., the number of coding-path 
planes) of each code-block that is stored in the 
memory A or the memory B. The data-processing 

15 circuit 29 computes an amount of code-data removal 
by taking into account the masking amount when the 
code data of coding passes of each sub-band are 
removed plane by plane from the lowest-order 
bitplane. Data indicative of the amount of code- 

20 data removal is then stored in the memory C or the 
memory D. 

Fig. 8 is an illustrative drawing showing 
a memory map of the memory C. The memory map of the 
memory D is the same as that- of the memory C. As 
25 illustrated in the figure, an address ADD3LL stores 
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data indicative of an amount of code-data removal in 
a case where the 46 planes of coding passes in the 
3LL sub-band are successively removed in an 
ascending order of bitplanes starting from the 
5 lowest-order bitplane . The same is said of an 
address ADD3HL, an address ADD3LH , an address ADD3HH , 
an address ADD2HL, an address ADD2LH, an address 
ADD2HH, an address ADD1HL, an address ADD1LH , and an 
address ADD1HH. 

10 Fig. 8 further shows the detail of data 

stored in the memory space of the addresses ADD1LH— 
ADD1HH. The amount Sn (n=0-46) of code-data removal 
when the code data of each coding pass is 
successively removed with the lowest-order bitplane 

15 first is represented by use of a fixed number of 
bits (e.g., 20 bits). An offset address ADD 0 pf for 
allocation of a data storage area for these 20 bits 
is determined first. Then, the amounts Sn of code- 
data removal corresponding to the removal of 0 to 4 6 

20 planes of coding passes are stored at addresses that 
are obtained by adding to the address ADDILH a 
multiple of the offset address corresponding to the 
number of removed coding-pass planes. That is, such 
addresses are ADD1LH, ADD1LH+ADD 0 ff , ADD1LH+2xADD 0 ff , 

25 ADD1LH+3xADD 0 ff, and ADD1LH+46xADD 0 ff . 
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Fig. 9 is a flowchart showing state 
transitions of the data-processing circuit 29. Such 
state transitions may be fed into a logic 
synthesizing tool made by the Synopsys corporation 
5 (U.S.), thereby automatically generating a specific 
circuit design. In the following, the state 

transitions will be described. First, a sub-band 
identifier parameter SB is defined to identify 
individual sub-bands. Namely, SB=1 corresponds to 

10 3LL, SB=2 to 3HL, SB=3 to 3LH, SB=4 to 3HH, SB=5 to 
2HL, SB=6 to 2LH, SB=7 to 2HH, SB=8 to 1HL, SB=9 to 
1LH, and SB=10 to 1HH . 

The parameter SB is set to "l" (step SI) . 
A parameter BP indicative of the number of coding- 

15 pass planes to be removed is set to "0", and a 
variable S B p is set to "0" (step S2) where the 
variable S B p indicates a code amount (a change in 
the code data amount) that decreases in response to 
the removal of coding-pass code data of a BP-th 

20 plane from where the lowest-order bitplane is 
located. A parameter CB indicative of a code-block 
in the sub-band identified by the parameter SB is 
set to "1" (step S3) . 

The masking amount M(CB) of a code-block 

25 identified by the parameter CB is added to the 
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parameter BP, and the resulting value is set as a 
parameter Q indicative of the number of coding-pass 
planes that are to be removed in the identified code 
block (step S4) . A total amount S B p(CB) of coding- 
5 pass codes is computed (step S5) , which is " equal in 
amount to the Q planes from the lowest-order 
bitplane in the code-block identified by the 
parameter CB . 

If the parameter BP is 0, that is, only 

10 the code data corresponding to the masking amount is 
to be removed (NO at step S6) , the code amount S B p 
is set to S B p(CB) (step S8) . 

If the parameter BP is equal to or more 
than 1 (YES at step S6) , preceding S B p-i(CB) is 

15 subtracted from S B p(CB), and a resulting value is 
regarded as S BP (CB) (step S7) . S BP (CB) is then added 
to S BP , and a resulting value is regarded as the 
code amount S BP (step S8) . 

"1" is added to the parameter CB (step S9) . 

20 If the parameter CB is below CB sb .max that is the 
largest number assigned to a code-bock in a sub-band 
identified by the parameter SB (No at step S10) , the 
procedure goes back to step S4. If the parameter CB 
is above CBs B max (Yes at step S10) , the code amount 

25 S B p is stored at an address that is obtained by 
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adding an offset address ADD 0F fxBP to an address 
ADD" SB" in a currently selected memory (step Sll) , 
which is either the memory A or the memory B 
alternately switched to an enable state in 
5 synchronization with each frame. The address 

ADD 11 SB 11 is an address ADD3LL as shown in Fig. 8 if 
the parameter SB is 1 , for example. 

" 1 M is added to the parameter BP (step 
S12) . If the parameter BP is 46 or smaller (No at 

10 step S13) , the procedure returns to step S3 that was 
previously described. On the other hand, if the 
parameter BP. exceeds 46, i.e., if the processing of 
all the 46 coding-pass planes is completed in the 
sub-band identified by the parameter SB (Yes at step 

15 S13) , the parameter SB is incremented by "1" for 
processing of a next sub-band (step S14) . If the 
parameter SB is equal to or smaller than 10 that is 
the largest number as previously defined (No at step 
S15) f the procedure goes back to step S2 . If the 

20 parameter SB exceeds 10 (Yes at step S15) , it is 
ascertained that the processing of all the sub-bands 
is completed. With this, the procedure comes to an 
end . 

It should be noted that the procedure 
25 based on the state transitions as described above 
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may be implemented as software processing performed 
by a central processing unit. The flowchart in this 
case is the same as the one shown in Fig. 9. 

(1-2-3) Packet Header Generating Unit 
'5 The packet header generating * unit 30 

determines a data sequence number of truncation data 
that is suitable for the removal of a desired amount 
of code data when the code data of coding passes 
obtained by the arithmetic coding unit 20 in each 

10 sub-band are removed plane by plane with the lowest- 
order bitplane first. Here, the determination of a 
data sequence number is made based on the amount of 
code-data removal that takes into account the 
masking amount of each code-block. A packet header 

15 is generated for code data generated from the 
truncation data of the identified data sequence 
number, and a formulated bit stream is output. 

A rate control circuit 32 retrieves the 
truncation data of No. 128 as defined in the table 

20 of Fig. 2 from the DRAM 50 by use of the DMA 31 , and 
computes a total of code-data removal amounts in all 
the sub-bands where the code-data removal amounts 
are specified by the retrieved truncation data in 
respective code-blocks . The total is compared with 

25 a desired removal amount. If the desired removal 
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amount is not yet achieved, truncation data of a 
larger data sequence number is retrieved, followed 
by obtaining a total of data removal amounts in all 
the sub-bands according to the retrieved truncation 
5 data. Conversely, if the total of code-data removal 
amounts is larger than the desired removal amount, 
truncation data having a smaller data sequence 
number is retrieved for further computation of the 
code-data removal amount. In this manner, the data 

10 sequence number that provides a code-date removal 
amount substantially equal to the desired removal 
amount is identified, and, then, data indicative of 
this data sequence number is supplied to a packet 
information generating circuit 34 provided at a 

15 subsequent stage. 

Fig. 10 is a circuit diagram showing the 
construction of the rate control circuit 32. The 
rate control circuit 32 mainly includes an address 
generating circuit 60, a code-amount computing 

20 circuit 80, and a data-sequence-number switching 
circuit 90. 

The address generating circuit 60 and the 
code-amount computing circuit 8 0 function as an 
operation unit. This operation units retrieves 
25 truncation data of a specified data sequence number 
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from the truncation table, and computes a change in 
the code data amount when lower-order bits of code 
data are removed independently in each processing 
unit according to the retrieved truncation data. 
5 The address generating circuit 60 

generates an address at which data indicative of a 
code amount of bitplanes is retrieved, such 
bitplanes being subject to addition or subtraction 
according to the truncation data supplied through 

10 the DMA 31. The generated address is supplied to 
the memory C and the memory D. One of the memories 
C and D stores data of an image frame that is 
currently processed, and is in an enable state. 
This memory supplies the data indicative of code- 

15 data removal amount stored at the specified address 
to the code-amount computing circuit 80. 

The code-amount computing circuit 80 
obtains a total of the data removal amounts supplied 
from "the memory C or the memory D with respect to 

20 all the sub-bands, and compares the obtained total 
with a desired removal amount, followed by 
transmitting a signal indicative of comparison 
results to the data-sequence-number switching 
circuit 90 provided at the subsequent stage. 

25 The data-sequence-number switching circuit 
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90 requests -truncation data of a different data 
sequence number to the DRAM 50 by use of the DMA 33 
according to the signal indicative of comparison 
results supplied from the code-amount computing 
5 circuit 80. Moreover, a signal indicative of a 
final data sequence number that achieves a code-data 
removal amount substantially equal to the desired 
removal amount is transmitted to the packet 
information generating circuit 36. 

10 In the following, a description will be 

given of the address generating circuit 60 , the 
code-amount computing circuit 80, and the data- 
sequence-number switching circuit 90 with respect to 
its construction and operation in further detail. 

15 The truncation data supplied by the DMA 31 

from the DRAM 50 is provided to a shift register 61 
of the address generating circuit 60. The shift 
register 61 stores the truncation data of a current 
turn and the truncation data of a preceding turn. A 

20 comparator 62 subtracts the truncation data of a 
preceding turn from the truncation data of a current 
turn with respect to each sub-band (3LL, 3HL, 3LH , 
3HH , 2HL , 2LH f 2HH , 1HL , 1LH , 1HH) , and supplies a 
resulting value to a selector 63. As will be 

25 described later, the truncation data of a preceding 
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turn for each sub-band is supplied to a selector 71. 

A sub-band selecting circuit 64 updates a 
sub-band selecting signal for selecting of a next 
sub-band in response to a signal requesting the 
5 updating of the selecting signal. The updated 
signal is output. A selector 63 outputs data 
indicative of a comparison result to a down-counter 
65 in the order of sub-bands 3LL, 3HL , 3LH , 3HH, 2HL, 
2LH, 2HH, 1HL, 1LH, and 1HH in response to the 

10 selecting signal supplied from the sub-band 
selecting circuit 64. The data indicative of a 
comparison result refers to a difference "+2" if the 
truncation data of a preceding turn is "1" and the 
truncation data of a current turn is "3" for a 1HL 

15 sub-band if the selecting signal points to the 1HL 
sub-band, for example. The selector 63 outputs data 
indicative of ,, +2" as a comparison result to the 
down-counter 65. 

The down-counter 65 is set such that a 

20 count is down by a number equal to the difference 
that is output from the selector 63, and downward 
counting is conducted. A resulting count is 

supplied to part of the signal input terminals of an 
AND gate 66. The remaining signal input terminal of 

25 the AND gate 66 receives an output signal of a 
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register 68. That is, the AND gate 66 passes the 
output of the register 68 to one of the two signal 
input terminals of an operation unit 67 while the 
down-counter 65 is performing downward-counting. 
5 When the down-counter 65 completes downward-counting, 
the AND gate 66 outputs a low-level signal. The 
low-level signal is supplied to the sub-band 
selecting circuit 64 as a signal requesting the 
updating of a selecting signal. 
10 The addition/subtraction control terminal 

of the operation unit 67 receives code data signal 
that is output from the selector 63. 

That is, the operation unit 67 cumulates the offset 
address ADDoff in synchronization with the count 

15 timing of the down-counter 65 for supplying to one 
of the signal input terminals of an adder 69 while a 
positive-indication signal is suppilied as the 
addition/subtraction control signal. Conversely, 
when a negative-indication signal is supplied as the 

20 addition/subtraction control signal, the offset 
address ADD 0 ff is subtracted from the data stored in 
the register 68 in synchronization with the count 
timing of the down-counter 65. 

The selector 70 supplies an address ADD 

25 (ADD3LL-ADD1HH) of a sub-band corresponding to the 
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selecting signal output, from the sub-band selecting 
circuit 64 to the other signal input terminal of the 
adder 69- The adder 69 adds, to the sub-band 
address ADD output from the selector 70, a multiple 
5 of the offset address ADDoff cumulated as many as 
there are downward counting performed by the down- 
counter 65 , thereby supplying resulting address data 
to one of the signal input terminals of an adder 73 . 
The other signal input terminal of the adder 73 

10 receives data that is obtained by a multiplier 72 
multiplying the output of a selector 71 by the 
offset address ADDoff. The selector 71 outputs the 
truncation data of a preceding turn in respect of a 
sub-band that is specified by the selecting' signal 

15 of the sub-band selecting circuit 64. With this 
provision, the adder 73 generates and outputs an 
address for reading data indicative of code amount 
that increases or decreases on a sub-band-by-sub- 
band basis in synchronization with the downward 

20 counting of the down-counter 65. 

The addition/subtraction control terminal 
of an operation unit 81 of the code-amount computing 
circuit 80 receives an addition/subtraction control 
signal generated by the address generating circuit 

25 60 . The operation unit 81 receives, at one of its 
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signal input terminals, data indicative of a code- 
data removal amount from a specified address of an 
enabled one of the memory C and the memory D as such 
address is specified by the address generating 
5 circuit 60 . The other signal input terminal of the 
operation unit 81 receives the previous output of 
the operation unit 81 through a register 82. With 
this provision, the register 82 stores the amount of 
code-data removal responsive to the truncation data 

10 currently selected. 

One of the two signal input terminals of 
an AND gate 84 receives the selecting signal from 
the sub-band selecting circuit 64 of the address 
generating circuit 60. The remaining signal input 

15 terminal of the AND gate 84 is coupled to the 
register 83. The register 83 stores data of the 
same value as the selecting signal that is output 
after the sub-band 1HH is selected, i.e., after the 
selection of all the sub-bands is completed. This 

20 includes a case in which the selecting signal 
indicates the sub-band 3LL by returning to the 
starting point. With this provision, an AND gate 8 4 
supplies a high-level enable-signal to the enable 
terminal of a comparator 85 after the selection of 

25 all the sub bands is completed by the sub-band 
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selecting circuit 64. The comparator 85 compares a 
desired removal amount with the code-data removal 
amount of all the sub-bands supplied from the 
register 82. The comparator 85 supplies a high- 
5 level signal indicative of a comparison result if 
the code-data removal amount is larger than the 
desired removal amount, and supplies a low-level 
signal indicative of a comparison result if the 
code-data removal amount is smaller than the desired 

10 . removal amount. 

Fig. 11 is a flowchart, showing the state 
transitions of the data- sequence-number switching 
circuit 90. Such state transitions may be fed into 
a logic synthesizing tool made by the Synopsys 

15 corporation (U.S.), thereby automatically generating 
a specific circuit design. In the following, the 
state transitions will be described. 

First, the value of a process index n is 
set to "1" (step S20) , and data sequence number T of 

20 truncation data is set to "12 8" (step S21) . The 
data sequence number T is then output to the DMA 33 
(step S22) . A waiting period starts so as to wait 
for a signal to be supplied from the comparator 85 
of the code-amount computing circuit 80 where such 

25 signal indicates a result of comparison between the 
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desired removal amount and the code-data removal 
amount of all the sub-bands computed based on the 
truncation data of the data sequence number T (No at 
step S23) . If the signal indicative of a comparison 
5 result is received (Yes at step S23) , the following 
procedure is performed in accordance with the 
process index n (step S24) . Here, the procedure to 
be performed is dependent on whether the signal 
indicative of a comparison result indicates that the 

10 code-data removal amount exceeds the desired removal 
amount (i.e., the signal being high) or that the 
code-data - removal amount is below the desired 
removal amount (i.e., the signal being low). 

Specifically, if the index n is 1 and the 

15 code-data removal amount does not reach the desired 
removal amount (Yes at step S25) , the current data 
sequence number T (=128) is incremented by 128 (step 
^S26), and the procedure returns to step S22 . As a 
result, the process index n is maintained at "1" if 

20 the code-data removal amount is smaller than the 
desired removal amount. On the other hand, if the 
code-data removal amount is larger than the desired 
removal amount (No at step S25) , the current data 
sequence number T (=128) is decreased by subtracting 

25 64 from the number (step S27) , and the procedure 
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returns to step S22 after the process index' n is 
incremented by 1. 

If the index n is 2 at step S24 and the 
code-data removal amount does not reach the desired 
5 removal amount (Yes at step S28) , the current data 
sequence number T is incremented by 32 (step S29) , 
and the procedure returns to step S22 after the 
process index n is incremented by 1 (step S54) . If, 
on the other hand,, the code-data removal amount is 
10 larger than" the desired removal amount (No at step 
S28) , the current data sequence number T is 
decreased by subtracting 32 from the number (step 

530) , and the procedure returns to step S22 after 
the process index n is incremented by 1 (step S54) . 

15 If the index n is 3 at step S24 and the 

code-data removal amount does not reach the desired 
removal amount (Yes at step S31) , the current data 
sequence number T is incremented by 16 (step S32) , 
and the procedure returns to step S22 after the 

20 process index n is incremented by 1 (step S54) . If, 
on the other hand, the code-data removal amount is 
larger than the desired removal amount (No at step 

531) , the current data sequence number T is 
decreased by subtracting 16 from the number (step 

25 S33) , and the procedure returns to step S22 after 
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the process index n is incremented by 1 (step S54) . 

If the index n is 4 at step S24 and the 
code-data removal amount does not reach the desired 
removal amount (Yes at step S34) , the current data 
5 sequence number T is incremented by 8 (step S35) , 
and the procedure returns to step S22 after the 
process index n is incremented by 1 (step S54) . If , 
on the other hand, the code-data removal amount is 
larger than the desired removal amount (No at step 
10 S34) , the current data sequence number T is 
decreased by subtracting 8 from the number (step 

536) , and the procedure returns to step S22 after 
the process index n is incremented by 1 (step S54) . 

If the index n is 5 at step S24 and the 
15 code-data removal amount does not reach the desired 
removal amount (Yes at step S37) , the current data 
sequence number T is incremented by 4 (step S38) , 
and the procedure returns to step S22 after the 
process index n is incremented by 1 (step S54) . If, 
2 0 on the other hand, the code-data removal amount is 
larger than the desired removal amount (No at step 

537) , the current data sequence number T is 
decreased by subtracting 4 from the number (step 
S36) , and the procedure returns to step S22 after 

25 the process index n is incremented by 1 (step S54) . 
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If the index n is 6 at step S24 and the 
code-data removal amount does not reach the desired 
removal amount (Yes at step S40) , the current data 
sequence number T is incremented by 2 (step S41) , 
5 and the procedure returns to step S22 after the 
process index n is incremented by 1 (step S54) . If, 
on the other hand, the code-data removal amount is 
larger than the desired removal amount (No at step 
S40) , the current data sequence number T is 

10 decreased by subtracting 2 from the number (step 
S36) , and the procedure returns to step S22 after 
the process index n is incremented by 1 (step S54) . 

If the index n is 7 at step S24 and the 
code-data removal amount does not reach the desired 

15 removal amount (Yes at step S43) , the current data 
sequence number T is incremented by 1 (step S44) , 
and the procedure returns to step S22 after a flag F 
is set to " 0" (step S45) and the process index n is 
incremented by 1 (step S54) . If, on the other hand, 

20 the code-data removal amount is larger than the 
desired removal amount (No at step S43) , the current 
data sequence number T is decreased by subtracting 1 
from the number (step S46) , and the procedure 
returns to step S22 after the flag F is set to "l" 

25 (step S47) and the process index n is incremented by 
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1 (step S54) . 

If the process index n is 8 or larger at 
step S24, the following procedure is performed 
according to the setting of the flag F. If the flag 
5 F is 0 (Yes at step S48) and the code-data removal 
amount does not reach the desired removal amount 
(Yes at step S49) , the data sequence number T is 
incremented by 1 (step S50) , and the procedure 
returns to step S22 after the process index n is 

10 incremented by 1 (step S54) . If, on the other hand, 
the flag F is 1 (No at step S48) and the code-data 
removal amount is larger than the desired removal 
amount (No at step S51) , the data sequence number T 
is decreased by subtracting 1 from the number (step 

15 S52) , and the procedure returns to step S22 after 
the process index n is incremented by 1 (step S54) . 

If the flag F is 0 (Yes at step S48) and 
the code-data removal amount is larger (No at Step 
S49) , or if the flag F is 1 (No at step S48) and the 

20 code-data removal amount stops short (Yes at Step 
S49) , a change by plus/minus 1 in the data sequence 
number of the truncation data will cause a turn of 
situations between the code-data removal amount 
being smaller than the desired removal amount and 

25 the code-data removal amount being larger than the 
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desired removal amount. In other words, it is 
reasonable to ascertain that the code-data removal 
amount has reached the desired removal amount. 
Accordingly , the current data sequence number T is 
5 regarded as a data sequence number of truncation 
data to be actually used, and a signal indicative of 
this data sequence number T is supplied to the 
packet information generating circuit 34 (step S53) . 
With this, the procedure comes to an end. 

10 It should be noted that the procedure 

based on the state transitions as described above 
may be implemented as software processing performed 
by a central processing unit. The flowchart in this 
case is the same as the one shown in Fig. 11. 

15 The truncation table may be configured 

such that as the data sequence number increases, the 
code removal amount decreases with increasing 
improvement in the quality of reproduced images. In 
such case, the initial value of the data sequence 

2 0 number is set to a data sequence number that is 12 8- 
th from the last in the table, rather than set to 
128 at step S21 as described above. Further, at the 
steps that cause changes in the data sequence number, 
addition and subtraction should be exchanged. For 

25 example, the addition of 32 to the table sequence 
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number is changed to the subtraction of 32 from the 
table sequence number. 

With reference to Fig. 3 again, the packet 
information generating circuit 34 computes the 
5 number of coding passes and their code amounts in 
each sub-band specified by the truncation data of 
the ultimately chosen data sequence number, and 
supplies the computed data to the packet header 
generating circuit 36. 

10 Fig. 12 is a flowchart showing the state 

transitions of the packet information generating 
circuit. Such state transitions may be fed into a 
logic synthesizing tool made by the Synopsys 
corporation (U.S.) , thereby automatically generating 

15 a specific circuit design. In the following, the 
state transitions will be described. First, a 
waiting period starts to wait for data indicative of 
the data sequence number T to be supplied from the 
rate control circuit 32 (No at step S60) . If the 

20 data indicative of the data sequence number T is 
received (Yes at step S60) , the truncation data of 
the data sequence number T is read from the DRAM 50 
(step S61) . In the code-blocks of each sub-band, 
the number of coding passes that remain after code- 

25 data removal is computed from the retrieved 
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truncation data (step S62) . Based on the retrieved 
truncation data, also, the code amount that remains 
after code-data removal in the code-blocks of each 
sub-band is computed from the data stored in the 
5 memory C or the memory D (step S63) . The number of 
coding passes and the code amount computed in the 
manner described above for the code-blocks of each 
sub-band are supplied to the packet header 
generating circuit 36 (step S64) . 

10 It should be noted that the procedure 

based on the state transitions as described above 
may be implemented as software processing performed 
by a central processing unit. The flowchart in this 
case is the same as the one shown in Fig. 12. 

15 With reference to Fig. 3 again, the packet 

header generating circuit 36 generates a packet 
header for outputting to a code forming circuit 38. 
Here, the packet header is generated mainly based on 
the number of coding passes and the code amount of 

20 the code-blocks of each sub-band computed by the 
packet information generating circuit 34, the number 
of zero bitplanes, and code data supplied from the 
DRAM 50 by the DMA 37. The code forming circuit 38 
forms a bit stream from the data supplied from the 

25 packet header generating circuit 36, and outputs it 
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to an exterior as code data that has been reduced by 
a desired code amount. The packet header generating 
circuit 36 may be a conventional circuit. 
(2) Second Embodiment 
5 Fig. 13 is a block diagram showing the 

construction of an image compressing apparatus 200 
according to the second embodiment. The image 
compressing apparatus 200 according to the second 
. embodiment identifies optimum truncation data by 

10 comparing a total amount of code data with a desired 
code amount where the total amount of code data is 
obtained from a masking amount of each code-block of 
each sub-band and a code amount of each coding pass 
of each code-block. The total amount of code data 

15 is what remains after coding passes in each sub-band 
are removed based on the truncation data. 

The construction of the image compressing 
apparatus 200 according" to the second embodiment is 
basically the same as that of the image compressing 

20 apparatus 100 according to the first embodiment 
described above (see Fig. 3) . In the following, a 
description will be given of a data-processing 
circuit 210 and a rate control circuit 220, which 
differ from those of the image compressing apparatus 

25 100. For the sake of convenience of explanation, 
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th e same elements as those of the image compressing 
apparatus 100 of the first embodiment are referred 
to by the same numerals. 

Fig. 14 is a flowchart showing the state 
5 transitions of the data-processing circuit 210 of 
the image compressing apparatus 200. The data- 
processing circuit 210 corresponds to the data- 
processing circuit 29 of the image compressing 
apparatus 100 of the first embodiment shown in Fig. 

10 3. Such state transitions may be fed into a logic 
synthesizing tool made by the Synopsys corporation 
(U.S.), thereby automatically generating a specific 
circuit design. In * the following, the state 

transitions will be described. 

15 First, a sub-band identifier parameter SB 

is defined to identify individual sub-bands. Namely, 
SB=1 corresponds to 3LL, SB=2 to 3HL, SB=3 to 3LH, 
SB=4 to 3HH, SB=5 to 2HL, SB=6 to 2LH, SB=7 to 2HH, 
SB=8 to 1HL, SB=9 to 1LH, and SB=10 to 1HH. 

20 The parameter SB is set to "1" (step S70) . 

A parameter BP indicative of the number of coding- 
pass planes to be removed is set to "0" , and a 
variable D BP is set to "0" (step S71) where the 
variable D B p indicates a total code amount remaining 

25 in a code-block from which BP planes of coding-pass 
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code data are removed successively with the lowest- 
order bitplane first. A parameter CB indicative of 
one of the sequence numbers that are successively 
assigned to code-blocks in the sub-band identified 
5 by the parameter SB is set to 11 1" (step S72) . 

A masking amount M(CB) to be removed in a 
code-block identified by the parameter CB is added 
to the parameter BP, and a resulting value is set as 
a parameter Q indicative of the number of coding- 

10 pass planes that are to be removed in the identified 
code block (step S73) . A total code-data amount 
Sall(CB) in the code-block corresponding to the 
parameter CB is identified from the output of the 
code-amount computing circuit 28, and a total code 

15 amount S B p(CB) that is equal in amount to Q coding- 
pass planes is obtained from the memory A or the 
memory B, followed by subtracting S BP (CB) from 
Sall(CB) to produce a variable D BP (CB) (step S74) . 
D B p(CB) obtained above is added to a variable D B p 

20 that indicates a total amount of code data in the 
processed code block (step S75) . 

"1" is added to the parameter CB (step 
S76) . If the parameter CB is below CB sb . M ax that is 
the largest number assigned to a code-bock in a sub- 

25 band identified by the parameter SB (No at step S77) , 
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th e procedure goes back to .step S73. If the 
parameter CB is above CB S b-max (Yes at step S77) , the 
code amount data D B p is stored at an address that is 
obtained by adding an offset address ADDqffxBP to an 
5 address ADD" SB" in a currently selected -memory, 
which is either the memory C or the memory D 
alternately switched to an enable state in 
synchronization with each frame. The address 

ADD" SB" is an address ADD3LL if the parameter SB is 
10 1, for example. 

1 is added to the parameter BP (step 

579) . If the parameter BP is 46 or smaller (No at 
step S80) , the procedure returns to step S72 that 
was previously described. On the other hand, if the 

15 parameter BP exceeds 46, i.e., if the processing of 
all the 46 coding-pass planes is completed in the 
sub-band identified by the parameter SB (Yes at step 

580) , the parameter SB is incremented by "1" for 
processing of a next sub-band (step S81) . If the 

20 parameter SB is equal to or smaller than 10 that is 
the largest number as previously defined (No at step 
S82) , the procedure goes back to step S71. If the 
parameter SB exceeds 10 (Yes at step S82) , it is 
ascertained that the processing of all the sub-bands 

25 is completed. With this, the procedure comes to an 
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end . 

It should be noted that the procedure 
based on the state transitions as described above 
may be implemented as software processing performed 
5 by a central processing unit. The flowchart in this 
case is the same as the one shown in Fig. 14 . 

Fig. 15 is an illustrative drawing showing 
a memory map of the memory C or the memory D of the 
image compressing apparatus 200. As illustrated in 

10 the figure, an address ADD3LL stores data indicative 
of a total amount of code data remaining after the 
46 planes of coding-pass code data in the 3LL sub- 
band are successively removed with the lowest-order 
bitplane first and- after a specified number of 

15 planes of coding-pass code data are further removed 
as specified by the masking amount that is 
identified independently for each code-block. The 
same is said of an address ADD3HL , an address ADD3LH, 
an address ADD3HH, an address ADD2HL, an address 

20 ADD2LH, an address ADD2HH, an address ADD1HL , an 
address ADD1LH , and an address ADD1HH. 

Fig. 15 further shows the detail of data 
stored in the memory space of the addresses ADD2HH- 
ADD1HL. The amount Dn (n=0-46) of code data is 

25 represented by use of a fixed number of bits (e.g., 
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2 0 bits) where the amount Dn indicates an amount 
remaining after code data of each coding pass in the 
sub-band 2HH are successively removed with the 
lowest-order bitplane first and after a specified 
5 number of planes of coding-pass code data are 
further removed as specified by the masking amount 
that is identified independently for each code-block. 
An offset address ADDoff for allocation of a data 
storage area for these 20 bits is determined first. 

10 Then, the code amounts Dn remaining after the 
removal of 0 to 46 planes of coding passes are 
stored at addresses that are obtained by adding to 
the address ADD2HH a multiple of the offset address 
corresponding to the number of removed coding-pass 

15 planes. That is , such addresses are ADD2HH, 

ADD2HH+ ADDoff, 2HH+2xADD 0 ff , 2HH+3xADD OF f, . . . , and 
2HH+4 6xADDoff • 

Fig. 16 is a circuit diagram showing the 
construction of the rate control circuit 220 of the 

20 image compressing apparatus 200. The rate control 
circuit 220 reads truncation data of sequence number 
128 from the DRAM 50 by use of the DMA 31. Based on 
the retrieved truncation data, the rate control 
circuit 220 reads code amounts after removal of code 

25 data in each sub-band from the memory C or the 
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memory D, and computes a sum of these amounts, 
followed by comparing the sum with a desired code 
amount. If the code amount is larger than the 
desired code amount, truncation data of a larger 
5 data sequence number is retrieved, followed by 
obtaining a code amount after code-data removal 
according to the retrieved truncation data. 
Conversely, if the code amount after the removal of 
code data is smaller than the desired code amount, 

10 truncation data having a smaller data sequence 
number is retrieved, followed by obtaining a code 
amount after code-data removal according to the 
retrieved truncation data. In this manner, the data 
sequence number that provides a post-removal code 

15 amount substantially equal to the desired code 
amount is identified, and, then, data indicative of 
this data sequence number is supplied to the packet 
information generating circuit 34 provided at a 
subsequent stage. 

20 The address generating circuit 230 

generates an address, at which data indicative of a 
post-removal code amount is retrieved, according to 
the truncation data supplied through the- DMA 31. 
The generated address is supplied to the memory C 

25 and the memory D. One of the memories C and D 
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stores data of an image frame that is currently 
processed, and is in an enable state. This memory 
supplies the data indicative of the post-removal 
code amount stored at the specified address to the 
5 code-amount computing circuit 240. 

More specifically, the truncation data 
supplied by the DMA 31 is stored in a register 
231. The register 231 divides the truncation data 
into sub-band-specific data for storage, and outputs 

10 it to a selector 232 provided at the following stage. 
The selector 232 outputs truncation data to one of 
the signal input terminals of a multiplier 235 in 
order of sub-bands 3LL, 3HL, 3LH, 3HH, 2HL, 2LH, 2HH, 
1HL, 1LH, and 1HH according to the selecting signal 

15 output from a sub-band selecting circuit 233. The 
remaining signal input terminal of the multiplier 
235 receives the offset address ADDoff. The 
multiplier 235 supplies to one of the signal input 
terminals of an adder 236 a multiple of the offset 

20 address corresponding to the number of coding passes 
to be removed as specified by the truncation data in 
the sub-band selected by the selecting signal. 

The sub-band selecting circuit 233 updates 
the selection signal for next sub-band selection in 

25 synchronization with a clock signal CLK supplied as 
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a signal for requesting the updating of the 
selecting signal. The selecting signal output from 
the sub-band selecting circuit 233 is input also 
into a selector 234. The selector 234 supplies a 
5 starting address ADD ( ADD3LL-ADD1HH) of a sub-band 
specified by the selecting signal to the remaining 
signal input terminal of the adder 236. 

With the provision as described above, the 
adder 236 generates an address which stores the data 

10 indicative of a code amount remaining after a 
specified number of planes of coding-pass code data 
are removed in an ascending order with the lowest- 
order bitplane first where the specified number is 
the masking amount plus a number indicated by the 

15 truncation data of a sub-band selected by the 
selecting signal. The generated address is supplied 
to the memory C or the memory D. 

Based on the post-removal code amount of 
each sub-band, supplied from the memory C or the 

20 memory D, the code-amount computing circuit 240 
computes a post-removal code amount with respect to 
all the sub-bands r and compares the computed code 
amount with the desired code amount. A signal 
indicative of a comparison result is supplied to a 

25 data-sequence-number switching circuit 250 provided 
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at: a subsequent stage. 

One of the signal input terminals of an 
adder 241 receives the data indicative of a code 
amount retrieved from the memory C or the memory D 
5 by the code-amount computing circuit 240 . The 
remaining signal input terminal of the adder 241 
receives the output of a register 242, which stores 
the output of the adder 241. With this provision, 
the register 242 stores a total of code amounts of 

10 respective sub-bands as they are' retrieved from the 
memory C or the memory D until a reset signal is 
input to the register 242. 

One of the two signal input terminals of 
an AND gate 244 receives the selecting signal 

15 supplied from the sub-band selecting circuit 233 of 
the address generating circuit 230. The other 

signal input terminal of the AND gate 2 44 is 
connected to a register 243. The register 243 
stores a selecting signal that is to be output 

20 during a time period after the sub-band selecting 
circuit 233 outputs the selecting signal indicating 
the sub-band 1HH (i.e., after outputting the 
selecting signals for all the sub-bands) and before 
the first sub-band 3LL is selected again. With this 

25 configuration, the AND gate 244 supplies a high- 
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level enable signal to an enable terminal of a 
comparator 245 during the time period after the 
selecting signals are output for all the sub-bands 
and before the first sub-band 3LL is selected again, 
5 thereby enabling the comparator 245. 

The comparator 245 compares the post- 
removal code amount supplied from the register 2 42 
with the desired code amount, and a signal 
indicative of a comparison result to the data- 
10 sequence-number switching circuit 250 provided at 
the subsequent stage. 

The data-sequence-number switching circuit 
250 has the same construction as the data-sequence- 
number switching circuit 90 of the image compressing 
15 apparatus 100 of the first embodiment, and a 
description thereof will be omitted. 
(3) Third Embodiment 

Fig. 17 is a block diagram showing the 
construction of an image compressing apparatus 300 

20 according to a third embodiment. Like the image 
compressing apparatus 100 of the first embodiment, 
the image compressing apparatus 300 identifies 
optimum truncation data by comparing a code-data 
removal amount with a desired code removal amount. 

25 In doing so, the code-data removal amount is 
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obtained in all the sub-bands based on a masking 
amount of each code-block of each sub-band and a 
code amount of each coding pass of each code-block 
when coding passes are removed plane by plane in 
5 each sub-band based on the truncation data . 

In the image compressing apparatus 100 of 
the first embodiment, a code amount (a change in the 
code data amount) that is removed when coding-pass 
code data are removed plane by plane with the 

10 lowest-order bitplane first in code-blocks of each 
sub— band is stored in the memory C or the memory D. 
Then, the code-data removal amount for all the sub- 
bands is obtained. In the image compressing 
apparatus 300 of the third embodiment, on the other 

15 hand, the memory C and the memory D store a code- 
data removal amount for the removal of one plane of 
coding-pass code data with the lowest-order bitplane 
first in code-blocks of each sub-band, a code-data 
removal amount for the removal of two planes, 

20 and a code-data removal amount for the removal of 46 
planes. Then, the code-data removal amount for all 
the sub-bands is obtained. Here, the code-data 
removal amount for the removal of two planes results 
from adding the code-data removal amount for the 

25 removal of the second plane of coding-pass code data 
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to the code-data removal amount for the removal of 
the first plane of coding-pass code data. 

The construction of the image compressing 
apparatus 300 of the third embodiment is basically 
5 the same as that of the image compressing apparatus 
100 of the first embodiment (see Fig. 3) . In the 
following, a description will be given of a data- 
processing circuit 310 and a rate control circuit 
320 , which differ from those of the image 

10 compressing apparatus 100. In the following 

description, the same elements as those of the image 
compressing apparatus 100 of the first embodiment 
are referred to by the same numerals. 

Fig. 18 is a flowchart showing the state 

15 transitions of the data-processing circuit 310 of 
the image compressing apparatus 300. The data- 
processing circuit 310 corresponds to the data- 
processing circuit 29 of the image compressing 
apparatus 100 of the first embodiment shown in Fig. 

20 3. Such state transitions may be fed into a logic 
synthesizing tool made by the Synopsys corporation 
(U.S.), thereby automatically generating a specific 
circuit design. In the following, the state 

transitions will be described. 

25 First, a sub-band identifier parameter SB 
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is defined to identify individual sub-bands. Namely, 
SB=1 corresponds to 3LL, SB=2 to 3HL, SB=3 to 3LH, 
SB=4 to 3HH , SB=5 to 2HL , SB=6 to 2LH , SB=7 to 2HH, 
SB=8 to 1HL , SB=9 to 1LH , and SB=10 to 1.HH . 
5 The parameter SB is set to " 1" (step S90) . 

A parameter BP indicative of the number of coding- 
pass planes to be removed is set to "0", and a 
variable S B p is set to "0 H (step S91) where the 
variable S B p indicates a total code-data removal 

10 amount that decreases as BP planes of coding-pass 
code data are removed successively with the lowest- 
order bitplane first in a current code-block. A 
parameter CB indicative of one of sequence numbers 
successively assigned to code-blocks in the sub-band 

15 identified by the parameter SB is set to "1" (step 
S92) . 

The masking amount M(CB) of a code-block 
identified by the parameter CB is added to the 
parameter BP, and a resulting value is set as a 

20 parameter Q indicative of the number of coding-pass 
planes that are to be removed in the identified code 
block (step S93) . A total amount S B p(CB) of ' coding- 
pass code data is computed from data stored in the 
memory A or the memory B (step S94) , which is equal 

25 in amount to the Q planes from the lowest-order 
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bitplane in the code-block identified by the 
parameter CB . S B p(CB) is added to the variable S BP 
(step S95) . 

"1" is added to the parameter CB (step 
5 S96) , If the parameter CB is below CBsbmax that is 
the largest number assigned to a code-bock in a sub- 
band identified by the parameter SB (No at step S97) , 
the procedure goes back to step S93. If the 
parameter CB is above CB S b-max (Yes at step S97) , S B p 

10 indicative of a code-data removal amount is stored 
at an address that is obtained by adding an offset 
address ADDoffxBP to an address ADD" SB" in a 
currently selected memory, which is either the 
memory C or the memory D alternately switched to an 

15 enable state in synchronization with each frame 
(step S98) . The address ADD" SB" is an address 
ADD3LL if the parameter SB is 1,. for example. 

"1" is added to the parameter BP (step 
S99) . If the parameter BP is 46 or smaller (No at 

20 step S100) , the procedure returns to step S92 that 
was previously described. On the other hand, if the 
parameter BP exceeds 46, i.e., if the processing of 
all the 46 coding-pass planes is completed in the 
sub-band identified by the parameter SB (Yes at step 

25 S100) , the parameter SB is incremented by "1" for 
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processing of a next sub-band (step S101) . If the 
parameter SB is equal to or smaller than 10 that is 
the largest number as previously defined (No at step 
S102) , the procedure goes back to step S91. If the 
5 parameter SB exceeds 10 (Yes at step S102) , it is 
ascertained that the processing of all the sub-bands 
is completed. With this, the procedure comes to an 
end . 

It should be noted that the procedure 
10 based on the state transitions as described above 
may be implemented as software processing performed 
by a central processing unit. The flowchart in this 
case is the same as the one shown in Fig. 18. 

Fig. 19 is a circuit diagram showing the 
15 construction of a rate control circuit 320 of the 
image compressing apparatus 300 of the third 
embodiment . 

In Fig. 19, the same elements as those of 
the rate control circuit 220 of the image 
20 compressing apparatus 200 according to the second 
embodiment are referred to by the same numerals, and 
a description thereof will be omitted. 

As shown in the figure, the rate control 
circuit 320 differs from the rate control circuit 
25 220 of the image compressing apparatus 200 of the 
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second embodiment only in a comparator 345 of a 
code-amount computing circuit 340. That is, the 
comparator 340 receives a desired code-data removal 
amount. The memory C or the memory D stores code- 
5 data removal amounts for the removal of one plane, 
two plane, and so on of coding-pass data in code- 
blocks of each sub-band, and the register 242 stores 
a total amount of the code-data removal amounts for 
respective sub-bands . 

10 Further, the present invention is not 

limited to these embodiments , but various variations 
and modifications may be made without departing from 
the scope of the present invention. 

The present application is based on 

15 Japanese priority application No. 2003-090792 filed 
on March 28, 2003, with the Japanese Patent Office, 
the entire contents of which are hereby incorporated 
by reference. 
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